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In the crystal structure of the title compound, [FeCl 2 - 
(Ci 0 H 8 N 2 )2]ClO 4 , the coordination around the Fe m atom is 
approximately octahedral. The equatorial positions are 
occupied by two N atoms from two 2,2'-bipyridyl ligands 
[Fe-N = 2.121 (5) and 2.147 (5) A] and two CI atoms [Fe-Cl 
= 2.220 (2) and 2.2074 (18) A]. Weak intermolecular C- 
H- ■ O and C— H- ■ CI hydrogen bonds and C— H- ■ -it inter- 
actions consolidate the crystal packing. 

Related literature 

For the use of bipyridine and analogous ligands in the 
formation of transition metal complexes, see: Constable 
(1989). For applications of related compounds, see: Constable 
& Steel (1989); Steel et al. (1990). For related structures, see: 
Amani et al (2007); Figgis et al (1983). 




Experimental 

Crystal data 

[FeCl 2 (C 10 H 8 N 2 ) 2 ]ClO 4 
M r = 538.57 
Orthorhombic, P2 1 2 1 2 1 



Refinement 

R[F 2 > 2a(F 2 )} = 0.063 

wR(F 2 ) = 0.125 

S = 1.08 

3534 reflections 

289 parameters 

H-atom parameters constrained 



Ap^ = 0.75 e A 

Ap mi „ = -0.42 e A" 3 

Absolute structure: Flack (1983), 

1419 Friedel pairs 
Flack parameter: 0.05 (3) 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg4 is the centroid of the N2.C6-C10 ring. 
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C3-H3- ■ 02 


0.93 


2.52 


3.140 (11) 


124 


C7-H7-03 1 


0.93 


2.55 


3.239 (9) 


131 


C8-H8-02" 


0.93 


2.30 


3.152 (9) 


152 


C13-H13- ■ 02'" 


0.93 


2.54 


3.423 (10) 


158 


C18-H18- 04 iv 


0.93 


2.51 


3.387 (10) 


158 


C10-H10-C13 


0.93 


2.71 


3.308 (7) 


122 


C20-H20- ■ C12 


0.93 


2.79 


3.382 (7) 


123 


C11-H11-Q4 


0.93 


2.90 


3.705 (8) 


146 


Symmetry codes: (i) x - 
-x + 1, -y +l,z + \. 


4. -y+i 


-z; (ii) -x + \,- 


-y + l,z-i; (iii) x- 


1-1, y, z\ (iv) 



a = 10.891 (2) A 
b = 11.522 (2) A 
c = 16.990 (3) A 



Data collection: SMART (Bruker, 2001); cell refinement: SAINT- 
Plus (Bruker, 2003); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXTL (Sheldrick, 2008); program(s) used to 
refine structure: SHELXTL; molecular graphics: SHELXTL; soft- 
ware used to prepare material for publication: SHELXTL. 
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Comment 

Bipyridine and analogous ligands such as phenanthroline are commonly used in the formation of different complexes with a 
general variety of transition metals (Constable, 1989). Studies of these transition metal complexes are important in under- 
standing electron transfer processes, mixed valence complexes, magnetic coupling and magnetic transitions (Constable et 
al., 1989; Steel et al., 1990). Although bipyridine coordination to iron has been widely investigated, most complexes are 
iron(II) complexes, little attention has been paid to bipyridine iron(III) complexes. In order to expand this field, the title 
compound has been synthesized, and its crystal structure is reported herein. 

The molecular structure of the title compound (I) is shown in Fig. 1. The crystal is composed of c/s-[Fe m (bipy)2Cl2] + 

cations and [C IO4]" anions. The Fe 111 atom is coordinated by two CI anions and four N atoms from two 2,2'-bipyridyl ligands 
within a distorted octahedral geometry. The six-coordinate molecule is the cis-cis isomer considering the positions of the 
chlorine and pyridyl nitrogen atoms. The four Fe — N bond lengths [2.087 (4)-2.147 (5) A] were similar and consistent 
with those reported earlier (Amani et al, 2007; Figgis et al, 1983). The distortion from a perfect octahedral geometry was 
primarily a consequence of the small bite-angle of the chelating ligands, which led to acute Nl — Fe — N2 and N3 — Fe — N4 
angles of 75.96 (19)° and 75.4 (2)°, respectively. 

Intermolecular C — H—O, C — H—Cl hydrogen bonds and C — H—n interactions stabilize the crystal structure (Table 1). 
Experimental 

All reagents were obtained from commercial sources and used without further purification. 2,2'-Bipyridine (0.312 g, 2.0 
mmol) and NaC104 (0.122 g,1.0 mmol) were added to a solution of FeCl3.6H20 (0.270 g, 1.0 mmol) in methanol (30 ml), 

and the solution was stirred at 60-65 °C for 3 h. A red-brown precipitate was obtained. After fdtration, the red-brown filtrate 
was allowed to stand at room temperature for two weeks to give red-brown block-shaped crystals suitable for X-ray analysis. 
Elemental analysis for C2oHi6Cl 3 FeN 4 04: C 44.60, H 2.99, N 10.40 %; found: C 44.52, H 3.03, N 10.39 %. 

Refinement 

All C-bound H atoms were positioned geometrically and treated as riding, with C — H = 0.93A and (7i S0 (H) =1.2£/ e q(C). 
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Figures 




Fig. 1. The molecular structure of the title compound showing thermal ellipsoids at the 30% 
probability level. 



c7s-Bis(2,2'-bipyridine-K /V,/V')dichloridoiron(ll I) perchlorate 



Crystal data 
[FeCl 2 (C 10 H 8 N 2 ) 2 ]ClO4 
M,-= 538.57 
Orthorhombic, P2\2\2\ 
Hall symbol: P 2ac 2ab 
a = 10.891 (2) A 
6= 11.522 (2) A 
c = 16.990 (3) A 

V= 2132.1 (7) A 3 
Z=4 



F(000) = 1092 

D x = 1.678 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 1783 reflections 

6 = 2.4-25.9° 

= 1.12 mm 1 
7=295 K 
Block, red-brown 
0.34 x 0.29 x 0.24 mm 



Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2003) 
T min = 0.702, J max = 0.775 
5914 measured reflections 



3534 independent reflections 

2810 reflections with / > 2a(I) 
Rim = 0.038 

Qmax = 25.0°, 6 m j n = 3.0° 

h = -7^12 

£ = -12^13 
/ = -20^17 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.063 
wR(F 2 ) = 0.125 
S= 1.08 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[oVo 2 ) + (0.043P) 2 + 0.4377.P] 
where P = (F 0 2 + 2F 2 )/3 



(A/o)„ 



0.001 
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3534 reflections 
289 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 
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II- *ITJ 
^iso ' ^eq 
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0.23098 (7) 
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0.0557 (3) 
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0.08017 (14) 
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CI 
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0.4446 (6) 
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0.4209 


0.2311 
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0.095* 
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0.0481 (15) 


C6 


0.9143 (6) 


0.3543 (5) 


-0.0115 (3) 


0.0475 (15) 


C7 


0.9110(8) 


0.3798 (6) 


-0.0911 (4) 


0.067 (2) 


H7 


0.8674 


0.4442 


-0.1086 
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C9 


1.0269 (7) 
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-0.1181 (4) 


0.0691 (19) 



Apmax = 0.75 e A 
Ap m i„ = -0.42 e A" 3 

Absolute structure: Flack (1983), 1419 Friedel pairs 
Flack parameter: 0.05 (3) 



sup-3 



supplementary materials 



i in 

rlV 


1 A/^/i 1 

l.Uool 


a nm 
U. 1 /1U 


-0.1538 


A ACQ sfe 




pin 

C1U 


l.UZo / (/) 


A 1 A/1 a fc\ 

u.iy4y {j) 


-0.0396 (4) 


U.UoU4 (1 1) 




I I 1 r\ 

rilU 


1 ata 1 
l.U /Ul 


A 1 OG 1 

u. izy i 


-0.0223 


A A"70* 
U.U /Z* 




i i 

CI 1 


i.iyiu yl) 


U.3941 yb) 


0.0843 


(4) 


A a/;c O ( 1 A\ 

u.uodo (iy) 




1 1 1 1 

ril 1 


1 1 

i. lojy 


U.3 1 /j 


0.0333 




A A*7A* 

u.u /y 




C1Z 


i.zo /j (y) 


U.40JO yb) 


0.0934 


(5) 


A A*7A /")\ 

U.U /y yl) 




1 1 1 -> 
1 1 1 _ 


i io^ 


U. jUUo 


0.0504 




A AQ/1 * 

u.uy4 




C13 




A A OCA 

U.4ojU yo) 


0.1671 


(5) 


u.u /y (z j 




1 1 1 a 




A CTT 1 
U. j33 1 


0.1762 




A AQ^* 

u.uyr> 




C14 


1 T/CO 1 /0\ 

l.Zool (o) 


A A 1 A A \ 

U.4344 yb) 


0.2280 


(4) 


A A*7A (^\\ 
U.U /U (Z) 




I I 1 A 

II lH 


1 0C1£^ 

i.zyoj 


n AA^Q 
U.44jo 


0.2790 




A AO/1 * 

U.Uo4 






1 1 £ O A /"7\ 

l.looU ( /) 


U.iooy (j) 


0.2151 


(4) 


A ACQ 1 ( \ £.\ 

U.Ujii (lo) 




Clo 


i.uy4j {/) 


A 1 1 "70 CG\ 

U.3 1 /o yj) 


0.2775 


(4) 


U.Ujo4 {lo) 




CI / 


1 1 T)£ /0\ 

l.lZZo (o) 


A 1 1 1 A 

U.331U ( j) 


0.3553 


/ A \ 

(4) 


U.U 11 yl) 




1 1 i 7 

rll / 


1 1 Q?') 

i . iyzz 


A -2 TOO 

U.3 /zz 


0.3703 




A AQ7* 
U.U5 / 




C18 


1.0481 (10) 


0.2833 (7) 


0 4102 


V*) 


0.085 (3) 




H18 


1.0670 


0.2904 


0.4633 




0.102* 




C19 


0.9466 (9) 


0.2257 (7) 


0.3879 


(4) 


0.086 (3) 




H19 


0.8932 


0.1947 


0.4251 




0.104* 




C20 


0.9236 (8) 


0.2136 (6) 


0.3085 


(4) 


0.078 (2) 




H20 


0.8548 


0.1722 


0.2923 




0.094* 




Atomic displacement parameters 


(A 2 ) 












U n 


U 


U 33 


U 12 


u 


u 


Fel 


0.0563 (6) 


u.uouy yj ) 


0 0499 f5^ 


0 0006 (5) 


A AAA/1 

U.UUU4 y\D ) 


A AA/1 0 (A\ 

U.UU4Z (4 ) 


Cll 


0.0817(14) 


a a/;oo /A\ 
U.Uooo (y J 


0 0518 (9\ 


0 0106 (W) 


A AA01 (\ 1 ^ 

U.UUZ3 (,1 1 J 


A AA C Q (Q\ 

u.uu jo (y ) 


C12 


0.0587 (11) 


A A£70 /'QA 

U.UO /o yy) 


0.0814 (11) 


-0.0092 (8) 


A AA 1 A /I 1 \ 

U.UU 1U ^1 1 ) 


A A1 1 O (\ (\\ 

u.ui lo yv\j) 


C13 


0.0703 (13) 


A A£A*7 ^A\ 

u.uoy / yy) 


0.0765 (11) 


0.0135 (9) 


A AA1 1 (\ 1 \ 

— U.UU31 (11) 


A AAO O /I A\ 

U.UUoo (1UJ 


Ol 


0.126 (6) 


A 1 1 T //I A 

U. 1 1 / (4) 


0.089 (3) 


-0.022 (4) 


A AH z'/l^ 
U.U3J (4) 


A A1 O 

U.U1Z {3 ) 


02 


0.152 (7) 


U . 1 1 Z (4 J 


0.117 (4) 


0.065 (5) 


A AAA /^/1\ 

u.uuy (4 ) 


A AT (X\ 

U.U3o y3 ) 


03 


0.215 (9) 


A 1 AO //1\ 

U. lUo (4) 


0.093 (4) 


0.054 (5) 


A A/1/1 /C\ 

U.U^ yj ) 


A AA/1 /a^ 

U.UU4 (3 ) 


04 


0.128 (7) 


A OCA / A\ 

u.zjy (yj 


0.104 (4) 


-0.074 (7) 


A A/1 1 SC\ 

U.U41 yj ) 


A AQC /'CA 

U.U3 J yj ) 


Nl 


0.054 (4) 


U.UJ4 (3 J 


0.045 (3) 


-0.005 (2) 


A AA 1 

U.UU1 y3 ) 


A AA/C /a^ 

U.UUu yj ) 


N2 


0.047 (3) 


A AC£ 

U.Ujo (3 J 


0.047 (3) 


0.004 (3) 


A AA C fl\ 

U.UUj y3 ) 


A AA 1 /O^ 

U.UU1 (ZJ 


N3 


0.051 (3) 


A f|C/C /"3\ 

U.Ujo (3 J 


0.058 (3) 


-0.007 (3) 


A AA1 /"3\ 

U.UUJ yj ) 


A AAA fl\ 

u.uuy yj ) 


N4 


0.043 (3) 


U.Uo / yj) 


0 049 (3) 


0 006 (3) 


A AA i fy\ 

U.UU1 yl) 


A AAA f)\ 

u.uuy yi) 


CI 


0.065 (6) 


A A77 //1\ 

U.U / / (4J 


0 058 


0 002 (4) 


A AAO (A\ 

U.UUZ (4 ) 


A AA/1 //1\ 

U.UU4 (4 ) 


C2 


0.092 (7) 


A A£/1 //1\ 


0.081 (5) 


0.014 (5) 


A AA C SC\ 

U.UUj yj ) 


a nic //i\ 
U.UZ J yt\ ) 


C3 


0.076 (7) 


A A^C 

U.Ujj (4J 


0 099 (f>\ 

\j .\jyy \\j j 


0 010 (4\ 


A A 1 A ( \ 

— U.U1U [D ) 


A A1 1 fZ\ 

—U.UI 1 y J ) 


C4 


0.067 (6) 


A AC7 ( A\ 

U.Uj / (4) 


0.071 (4) 


-0.002 (4) 


A AA/1 fA \ 

— U.UU4 (4 ) 


A AAO /'/1\ 

U.UUo (4) 


C5 


0.044 (4) 


A AQO 

U.U3o (3 J 


0.062 (4) 


-0.003 (3) 


A AA7 fX\ 

U.UU / yj ) 


A AAO 

U.UUZ yj ) 


C6 


0.043 (4) 


A ACA 

U.UdU (3) 


0.049 (3) 


-0.005 (3) 


A AAT /T\ 

-U.UU3 (3) 


A AAC 

U.UUj (3) 


C7 


0.077 (6) 


0.068 (4) 


0.058 (4) 


-0.015 (4) 


-0.008 (4) 


0.010 (4) 


C8 


0.070 (5) 


0.101 (5) 


0.047 (4) 


-0.003 (5) 


-0.001 (4) 


0.006 (4) 


C9 


0.061 (5) 


0.091 (5) 


0.055 (4) 


-0.013 (5) 


0.008 (4) 


-0.012 (4) 


CIO 


0.056 (5) 


0.064 (4) 


0.060 (4) 


0.001 (4) 


0.001 (4) 


-0.008 (3) 


Cll 


0.054 (5) 


0.068 (4) 


0.075 (5) 


0.000 (4) 


0.002 (4) 


0.001 (4) 



sup-4 



supplementary materials 



C12 


U.U6U \ 1 ) 


U.U02 \<\ ) 


U.UV4 ^O ) 


A A 1 C i A\ 

U.U1 J ^4 ) 


A A 1 7 (C\ 

U.U1 / \j) 


A A A "7 

U.UU / \J) 


CI i 


0.006 (0 j 


A A£"7 { A\ 

0.00 / (4) 


A 1 AT ( £\ 
0.102 (0) 


A AAO { A\ 

—0.006 (4 ) 


A A 1 A (Z\ 

0.014 p ) 


A ATI ^C\ 

— U.UZi (J ) 


C14 


0.006 (0 ) 


0.00 / (4) 


A A"7C ^C~\ 

0.0 / j p j 


A AA1 (A\ 

—0.001 (4) 


A AA7 fA\ 

—0.002 (4 ) 


A A 1 Q (A\ 

— o.oiy (4) 


C15 


a a a o /c^ 

0.046 (5) 


A AC 1 t"l\ 

0.051 (3) 


a A/n t a \ 

0.062 (4) 


A A AT /1\ 

0.002 (3) 


A AAA n\ 

-0.009 (3) 


A AAA /T\ 

-0.009 (3) 


C16 


0.066 (5) 


0.051 (4) 


0.051 (4) 


0.016 (4) 


-0.017 (4) 


0.003 (3) 


C17 


0.088 (6) 


0.066 (4) 


0.063 (4) 


0.004 (4) 


-0.018(5) 


-0.012 (4) 


C18 


0.122(9) 


0.084 (5) 


0.049 (4) 


0.002 (6) 


-0.008 (5) 


-0.005 (4) 


C19 


0.115 (8) 


0.096 (6) 


0.048 (4) 


0.006 (6) 


0.011 (4) 


0.017(4) 


C20 


0.079 (6) 


0.097 (5) 


0.060 (4) 


-0.008 (5) 


0.007 (4) 


0.014 (4) 



Geometric parameters (A, °) 



Fel — N2 


2.087 (4) 


C5 — C6 


1 .432 (8) 


Fel— N4 


2.096 (5) 


C6— C7 


1.385 (8) 


Fel — Nl 


2.121 (5) 


C7 — C8 


1.336 (9) 


Fel— N3 


2.147 (5) 


C7 — H7 


0.9300 


Fel — C13 


2.2074(18) 


C8— C9 


1.310 (9) 


Fel — C12 


2.220 (2) 


C8 — H8 


0.9300 


CH — 02 


1.363 (5) 


C9 — C10 


1.366 (8) 


CH — 04 


1.366 (7) 


C9 — H9 


0.9300 


Cll— 03 


1.371 (5) 


C10— H10 


0.9300 


Cll— 01 


1.373 (6) 


Cll— C12 


1.346 (11) 


Nl— CI 


1.302 (8) 


Cll— Hll 


0.9300 


Nl— C5 


1.332 (7) 


C12— C13 


1.340 (11) 


N2— C6 


1.306 (7) 


C12— H12 


0.9300 


N2— C10 


1.324 (7) 


C13— C14 


1.346 (9) 


N3— Cll 


1.306 (8) 


C13— H13 


0.9300 


N3— C15 


1.330 (7) 


C14— C15 


1.358 (9) 


N4— CI 6 


1.311 (8) 


C14— H14 


0.9300 


N4— C20 


1.329 (8) 


C15— C16 


1.444 (9) 


CI— C2 


1.360 (10) 


C16— C17 


1.365 (8) 


CI— HI 


0.9300 


C17— C18 


1.353 (10) 


C2— C3 


1.362 (10) 


C17— H17 


0.9300 


C2— H2 


0.9300 


C18— C19 


1.344 (11) 


C3— C4 


1.342 (9) 


C18— H18 


0.9300 


C3— H3 


0.9300 


CI 9— C20 


1.378 (9) 


C4— C5 


1.350 (9) 


C19— H19 


0.9300 


C4— H4 


0.9300 


C20— H20 


0.9300 


N2— Fel— N4 


160.23 (18) 


C4— C5— C6 


123.6 (6) 


N2— Fel— Nl 


75.96 (19) 


N2— C6— C7 


119.5 (6) 


N4— Fel— Nl 


90.98 (18) 


N2— C6— C5 


116.0 (5) 


N2— Fel— N3 


88.34 (19) 


C7— C6— C5 


124.5 (6) 


N4— Fel— N3 


75.4 (2) 


C8— C7— C6 


120.7 (7) 


Nl— Fel— N3 


84.2 (2) 


C8— C7— H7 


119.6 


N2— Fel— C13 


97.95 (16) 


C6— C7— H7 


119.6 


N4— Fel— C13 


93.40 (14) 


C9— C8— C7 


119.1 (7) 


Nl— Fel— C13 


171.80(16) 


C9— C8— H8 


120.5 


N3— Fel— C13 


90.20(15) 


C7— C8— H8 


120.5 


N2— Fel— C12 


94.29 (15) 


C8— C9— CIO 


119.7 (7) 



sup-5 



supplementary materials 



JN 4 r e 1 — C12 


on if A { \ £.\ 

yy.64 (lo) 


pn i id 

Co — CV — rly 


1 Tn 1 
120.1 


\n tt„i pn 
JN 1 — rel — C12 


60. yi (15) 


C1U — CV — Hy 


1 Tn 1 
120.1 


\n TT„1 pn 
JN3 — rel — C12 


loy.SD (15) 


jnz — ciu — cy 


121.0 (0) 


r^n fai fMO 
CU — rel — C12 


QCl 1 1 ( Q\ 

yy.ii (s) 


XT'") pi A TT 1 A 

JNZ — CIU — H1U 


11Q1 

ny.2 


pn pi 1 r\A 
U2 — CI 1 — U4 


1 An a ( z\ 
lUy.4 (5) 


nn pm tt i n 

cy — c i u — hi i u 


i iy.2 


pn pi i pn 
U2 — Cll — Vi 


1 no n { a\ 
106.0 (4) 


\n ni | PIT 

JN3 — Cll — Clz 


124.6 (/) 


r\A nil pn 

U4 — Cll — (Ji 


1 1 1 n (&\ 
lll.U (0) 


Ml p 1 1 ii|| 

JN 3 — C 1 1 — H 1 1 


I 1 "7 C 

I I / .0 


pn pi 1 p. 1 
U2 — Cll — Ul 


1 1 n n { a\ 
110. / (4) 


pn P11 iiii 
ClZ — CI 1 — rll 1 


i n £ 
11 /.O 


p./i pi 1 p. 1 
U4 Ull — Ul 


1 (\£. n t A\ 
106. / (4) 


PIQ PIT P11 

C 1 3 — C 1 Z — C 1 1 


i n i /q\ 
11 / .I (6) 


p.1 pi 1 p. 1 

Ui — Ull — Ul 


111 n P/i\ 
lll.U (4) 


p 1 1 pn 1 1 n 
C 1 3 — C 1 Z — rl 1 Z 


ni a 
121 .4 


pi \ti r; 
Ul — JN 1 — C5 


iiy.s (o) 


P11 pn nii 
CI 1 — ClZ — H1Z 


111 A 

121 .4 


P1 Ml r~ i 

Ul — JN 1 — rel 


125. / (4) 


PIT pil pi /| 

C 1 Z — C 1 3 — C 1 4 


lino /q\ 
liy.6 (6) 


C5 — JN 1 — rel 


1 1 A Q ( A\ 
1 14.6 (4) 


pn pn I1 1 -> 

C 1 Z — C 1 3 — H 1 3 


1 Tn 1 
120.1 


p/; \n pin 
C6 — JN2 — CIO 


1 1 n i 
liy.3 (5) 


pi /i pn it 1 1 

C 1 4 — C 1 3 — H 1 3 


1 Tn 1 
120.1 


p/r XT') T7 a 1 

Uo — JN2 — rel 


in 1 i a\ 
11 /.I (4) 


p 1 1 p 1 /I pic 

C 1 3 — C 1 4 — C 1 j 


1 on 0 i"7\ 
120.2 ( /) 


CIO — JN2 — rel 


ITT C (A \ 

123.5 (4) 


P 1 1 PI /I TT 1 y| 

C13 — C14 — 1114 


1 1 n n 

ny.y 


pi 1 Ml PI C 

CI 1 — JN3 — C15 


in o { a\ 
11 /.8 (0) 


pi f p 1 A T_T1 A 

CI J — C14 — 1114 


1 1 n n 

i iy.y 


P 1 1 Ml T7„ 1 

Cl 1 — JN3 — rel 


12/. 5 (5) 


\n PIC P 1 /I 

JN3 — CI J — C14 


i on 1 fn\ 
120.2 (/) 


PIC M1 TT~ 1 

C15 — JN3 — rel 


1 1 a /: i a\ 
1 14.0 (4) 


\n pic pu 
JN3 — CI D — Clo 


110.3 (0) 


pi/r "TvT/1 pin 

CI 6 — JN4 U2U 


1 1 n i l£\ 
liy.2 (0) 


pi/| pi f PU 

C 14 — C 1 j — C 1 o 


IZi.D (0) 


pit "TvT/1 T?~1 

C16 — JN4 — rel 


in /r \ 
11 /.0 (4) 


M/i pi ^ pn 
JN4 — Clo — CI / 


111 ^7 /n\ 

121. / (/) 


pi/1 XT/I TT~1 

C2U — JN4 — rel 


1 Ti n 
12.3.0 (5) 


XT /I PU p| c 

JN4 — Clo — CI j 


1 1 C A 

115.4 (5) 


Ml P| PI 

JN 1 — CI — C2 


122.6 (/) 


pn pu pic 
C 1 / — C 1 o — C 1 j 


1 ti n /"7\ 
122.y (/) 


M 1 P 1 Ul 

JN 1 — CI — HI 


1 1 O £ 
116.0 


PI o pn p 1 *r 

C 1 o — C 1 / — C 1 o 


i im /^7\ 

ny.2 (/) 


PT P 1 Ul 

C2 — CI — Jrll 


1 1 o /; 
116.0 


PI o pn I T 1 "7 

Clo — CI / — HI / 


1 Tn /i 
120.4 


pi pi pi 

CI — C2 — C3 


I 11 f /n\ 

II /.5 (/) 


P i /: pn 1 1 1 "7 

Clo — CI / — HI / 


1 Tn /i 
120.4 


pi PI I_n 

CI — C2 — H2 


121.3 


p i n pi o pi*7 
CIV — Clo — CI / 


1 Tn n /"7\ 
120.0 (/) 


pi pi m 
C3 — U2 — Hz 


111 i 
121. J 


Pin pi o n i o 
CIV — Clo — Hlo 


1 on n 
120.0 


p^i pi pi 
U4 — Uj — U2 


1 1 n "7 /n\ 

ny. / (/) 


pn pi o iiio 
C 1 / — C 1 o — H 1 o 


1 Tn n 
120.0 


P/1 PI Ul 

U4 — UJ — Hi 


i in i 
120.1 


pi o pin nn 
C 1 o — C 1 y — CzU 


1 1 O A fQ\ 

116.4 (6) 


p^> PI TJ1 

U2 — U3 — Hi 


120.1 


pi o pm in n 

Clo — civ — ii ly 


120.8 


C3— C4— C5 


120.1 (7) 


C20— CI 9— H19 


120.8 


C3— C4— H4 


119.9 


N4— C20— C19 


121.6 (8) 


C5— C4— H4 


119.9 


N4— C20— H20 


119.2 


Nl— C5— C4 


120.3 (6) 


C19— C20— H20 


119.2 


Nl— C5— C6 


116.1 (5) 







Hydrogen-bond geometry (A, °) 

Cg4 is the centroid of the N2,C6-C10 ring. 
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